Abstract: Periodontitis affects roughly one-third of the US population. A timely diagnosis of chronic periodontitis at its earliest stage is essential to avoid more challenging severe stages of the disease. Most cases of slight and moderate chronic periodontitis can be successfully managed by mechanical removal and/or reduction of subgingival bacterial biofilms and calculus. However, any factor that affects either the local environment or the host response may contribute to progression of the disease and a poor treatment response. Thus, it is essential that clinicians are aware of etiologic and risk factors associated with disease development and progression in order to plan and execute a successful treatment. This paper reviews a variety of risk factors, both local and systemic, that can impact the successful treatment of chronic periodontitis.
Introduction
Periodontal disease is an inflammatory process that affects the protective and supportive tissues around the tooth. Bacterial plaque accumulation on the tooth surface leads to marginal tissue inflammation, known as gingivitis. Gingivitis is fairly common and is present in up to 90% of the US population. 1 If left untreated, gingivitis may progress to periodontitis, which is characterized by loss of periodontal attachment support (clinical attachment loss, [CAL] ) and bone resorption, eventually resulting in tooth mobility and loss. Chronic periodontitis is a common disease characterized by a painless, slow progression. It may occur in most age groups, but is most prevalent among adults and seniors worldwide, with approximately 35% of adults (30-90 years) in the US being affected by at least one site with CAL $ 3 mm and probing depth (PD) $4 mm. 2 The first challenge in treating periodontitis is a timely and proper diagnosis. Disease diagnosis and treatment in its earliest stages will prevent future breakdown. Because the disease is painless, patients rarely seek care. Thus, it is not uncommon for the disease to go undiagnosed until progression has reached moderate to advanced degrees of severity, characterized by obvious radiographic bone loss and/or tooth mobility.
The second challenge is diagnosing and properly controlling all the factors contributing to this disease. The primary etiology for periodontal diseases is bacteria, which can cause direct and indirect destruction of the host supporting tissues. In fact, most cases of chronic periodontitis are successfully managed by mechanical removal/ reduction of bacterial mass and calculus in the subgingival environment by scaling and root planing. [3] [4] [5] [6] However, any factor that influences either the local environment or the host response may contribute to disease progression and response to treatment. Such factors include smoking, diabetes, stress, genetic factors, occlusal trauma, iatrogenic dentistry, and patient compliance. Due to its numerous and complex contributing factors, successful management of chronic periodontitis can be very challenging. Thus, it is imperative that clinicians are aware of risk factors contributing to the patient's susceptibility to disease, response to existing disease, and potential response to therapy before initiating a treatment plan.
The third challenge in the treatment of chronic periodontitis involves the long-term maintenance of the periodontium. This phase of therapy is known as supportive periodontal therapy, or periodontal maintenance. The challenge during this phase of therapy is focused on maintaining patient motivation and compliance, management of all risk factors, and finally making the appropriate decisions regarding retreatment, when indicated.
This paper aims to provide the clinician with current information on a variety of local and systemic risk factors that must be addressed in order to provide the best possible outcome when faced with the challenges of treating chronic periodontitis.
Diagnosis of chronic periodontitis
Chronic periodontitis is more prevalent than the general population recognizes. Around 80% of adults in the US have at least one site with attachment loss. More severe chronic periodontitis affects roughly 35% of the US population. 1, 2 Interestingly, only a small percentage of this population seek periodontal care. This becomes the first challenge of treating periodontitis.
Generally, chronic periodontitis is not the chief complaint of a patient when he/she seeks dental treatment. The reason is that chronic periodontitis usually progresses painlessly and slowly. A study reported that the most common chief complaint reported by chronic periodontitis subjects is: "I was told I have gum disease". The second most common chief complaint reported is: "I would like to save my teeth". Neither of these chief complaints are true chronic periodontitis symptoms, such as bleeding gums. Only 6.2% of the subjects reported having painful gingiva. 7 Thus, most diagnosis of this condition occurs when the disease reaches a severe stage where clinically detectable mobility and radiographic bone loss is evident.
Different methods for diagnosing chronic periodontitis exist. Periodontal screening and recording was devised by the American Dental Association and American Academy of Periodontotology to facilitate early detection of periodontal disease with a simplified probing technique and minimum documentation. 8 This method is still largely used by general dentists during initial disease screening. It has shown correlation with the traditional method of complete periodontal examination, however, it can potentially underestimate the presence of periodontal disease. 8 Thus, a full-mouth examination and recording is preferred so that initial stages of periodontal disease can be detected and treated.
A complete examination should include PD, CAL, bleeding on probing (BOP), plaque index/score, furcation involvement, suppuration, mobility, occlusal trauma, open contact areas, and radiographic interpretation of bone levels. A combined evaluation of these parameters is essential for a proper periodontal evaluation and diagnosis. Without these measures, it is difficult to establish a proper diagnosis and therefore, proper treatment of the patient.
Radiographic interpretation is an important adjunct to periodontal probing to differentiate between true attachment loss versus gingival edema/gingivitis. However, conventional radiographs routinely underestimate the amount of bone loss. 9 In addition, sequentially taken radiographs, when examined by eye, are able to reveal changes in bone only after 30%-50% of the bone mineral has been resorbed. 10 Thus, disease diagnosis should include both a very thorough periodontal examination in addition to careful radiographic evaluation to determine early stages of chronic periodontitis.
The clinician should keep in mind that not every case of gingivitis progresses to chronic periodontitis, but every chronic periodontitis progresses from gingivitis. Thus, the first step in preventing attachment loss is to control gingival inflammation. The diagnosis of chronic periodontitis at earlier stages would enable the clinician to manage this disease better in the long term, because the severe stages are more difficult to control.
Mechanical treatment
The backbone of periodontal treatment consists of mechanical removal of bacterial deposits and calculus from the subgingival environment either by hand instruments, or ultrasonic devices, performed either surgically or nonsurgically, along with a strict regimen of plaque control. Although it is known that complete removal of subgingival plaque and calculus is unrealistic, especially as pocket depth increases, 11 we can expect that the majority of patients with chronic periodontitis will be successfully maintained following both surgical or nonsurgical periodontal therapy. [3] [4] [5] [6] [12] [13] [14] The main clinical parameter to indicate successful treatment should be tooth loss/maintenance over the years. However, due to numerous difficulties in assessing these parameters, the majority of studies evaluating periodontal treatment response look at shorter outcome variables that are easily detected by clinicians, such as PD reduction, CAL gain, and BOP reductions. Cobb 15 reports a collection of data from various clinical studies regarding clinical parameters after treatment. He reported that the mean PD reduction for pockets initially measuring 4-6 mm would be 1.29 mm, with a net gain in CAL of 0.55 mm. As periodontal pocket increases ($7 mm), the mean reduction in PD also increases to 2.16 mm and CAL to 1.19 mm. The greatest change in these parameters can be seen 1-3 months after therapy. However, other studies have shown additional improvements up to 12 months, with a good maintenance protocol. [16] [17] [18] [19] [20] [21] BOP is also a very important clinical measurement to assess treatment response because its absence can be used as a criterion for periodontal stability. 22 Reductions in bleeding may vary with time, from 6%-64% at one month, 10%-80% at three months, and 12%-87% at six months. 15 Thus, evaluations of these parameters should be performed no earlier than four weeks post-therapy, and should be repeated on a continuous basis during maintenance to assess periodontal treatment response.
Different modalities of mechanical therapy have been studied. Numerous studies have reported on the comparative efficiency of sonic and/or ultrasonic versus manual instrumentation, ie, scaling and root planing (SRP). In summary, these studies show that sonic or ultrasonic instrumentation usually provides similar results when compared with manual instrumentation, and generally takes 20%-50% less time. 17, 23, 24 A combination of the two instruments may be necessary depending on access for different instrumentation, periodontal defect, amount and tenacity of deposits, and patient comfort.
In an attempt to reduce time of treatment and bacterial recolonization, a full-mouth debridement (PSR) or disinfection protocol has been introduced in the literature and extensively evaluated. This protocol consists of mechanical instrumentation within a 24-hour period with or without the use of antiseptics (chlorhexidine). Studies show thus far that both a full-mouth approach and a conventional quadrant SRP approach produce significant results. 25 Thus, the choice for a full-mouth disinfection approach versus conventional quadrant scaling has to be determined on an individual basis, considering the patient's schedule availability, comfort, and most importantly, severity of disease.
Both surgical and nonsurgical therapies produce significant clinical results. However, more severe disease (deeper pockets) tends to benefit better from surgical therapy. 5, 26 Incidence of disease progression is also greater in sites with deeper PD. These sites tend to respond more favorably when surgical therapy is provided. 5, 6, 27 Thus, it is important to alert patients with severe chronic periodontitis about the possibility of a second phase of surgical treatment, which could include open flap debridement and bone grafting.
About 20%-30% of all chronic periodontitis cases do not respond favorably to conventional periodontal treatment. 28, 29 Many factors may contribute to that response, such as improper removal of bacterial deposits and calculus, poor plaque control, systemic conditions leading to an impaired immune response, defective restorations, occlusal dysfunction, periodontal-endodontic involvement, smoking, and others. In these cases, other treatment approaches may be required to manage refractory or recurrent cases successfully. The challenge with managing such cases is that we cannot always identify other contributing factors or, when identified, these contributing factors may not be modifiable or properly controlled.
Consideration of associated systemic factors in chronic periodontitis
Periodontal destruction is a result of the host inflammatory reaction to bacterial deposits. The recent literature has highlighted the fact that epithelial lining ulceration due to chronic periodontitis can not only contribute to systemic bacterial dissemination, but also to widespread inflammatory markers in the body. These two pathways have led to numerous studies which have attempted to determine the connection between oral and systemic inflammation and inflammatory diseases, such as diabetes and cardiovascular disease (CVD).
Diabetes mellitus
Diabetes is a widely studied condition associated with periodontal disease, and affects over 171 million people worldwide. Type 2 diabetes is the most prevalent type, which accounts for 85%-95% of the diabetic population. 30 Numerous studies have shown a correlation between chronic periodontitis and diabetes, in which both diseases influence the progression and treatment response of the other. [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] A meta-analysis including 3500 diabetic adults concluded that the majority of studies demonstrate more severe chronic periodontitis in diabetic patients than in adults without diabetes. 43 This confirms a significant association between chronic periodontitis and diabetes. Further studies have shown that, compared with nondiabetic individuals, type 2 diabetics were 2.8 times more likely to have CAL and 3.4 times more likely to have radiographic bone loss than normoglycemic controls. 44 Moreover, a two-year longitudinal study demonstrated
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Shaddox and Walker that diabetic subjects had an increased risk for alveolar bone loss compared with nondiabetic individuals, with an odds ratio (OR) of 4.2. Among these patients, poorly controlled diabetics had an OR of 11.4 for bone loss compared with an OR of 2.2 for well controlled diabetics. 45 Chronic periodontitis can also play a role as a metabolic stressor for diabetes control. It can serve as a metabolic stressor that increases insulin resistance or be a continuous source of inflammatory marker secretion, which may amplify the magnitude of advanced glycation end product (AGE)-mediated cytokine response and vice versa. 46 The evidence for the relationship between diabetes and chronic periodontitis have led some to suggest that periodontitis should be listed among the "classic" complications of diabetes. 47 Some studies have evaluated possible biological mechanisms which explain the relationship between diabetes and periodontal disease. One of these mechanisms is the monocytic hyperresponsiveness to bacterial antigens seen in diabetic populations. This hyperresponse promotes an increased production of proinflammatory cytokines and mediators that result in tissue destruction, attachment loss, and bone loss. [48] [49] [50] Alterations in connective tissue metabolism are also seen in diabetic patients, such as increased collagenase activity in the gingival crevicular fluid of diabetic patients. 51 Finally, in a hyperglycemic environment, numerous proteins undergo a nonenzymatic glycosylation process, resulting in the formation of AGE. 52 AGEs binding to macrophages and monocyte receptors induce a hyperresponsive cellular state resulting in increased secretion of the proinflammatory cytokines, interleukin (IL)-1, insulin-like growth factor, and tumor necrosis factor-α (TNF-α). 53, 54 These alterations lead to impaired host response, increased tissue destruction, and delayed healing of tissues.
Some studies have attempted to evaluate the effects of periodontal treatment on glycemic control. However, conflicting data exist in the literature regarding this topic. Some studies show that SRP has no influence on metabolic variables, [55] [56] [57] while others report an improvement. [58] [59] [60] Furthermore, reports show that use of systemic antibiotics as an adjunct to SRP may be more beneficial for diabetic patients. Two studies reported that use of systemic doxycycline 100 mg for two weeks provided better reductions in PD, 61, 62 Porphyromonas gingivalis, and glycated hemoglobin (HbA 1c ) levels. 61 when compared with diabetics receiving mechanical therapy alone. However, Rodrigues et al reported that use of amoxicillin-clavulanic acid 875 mg for two weeks did not improve HbA 1c levels at three months when compared with SRP alone. 63 Although it is evident that diabetics will respond to conventional periodontal treatment with or without antibiotics, it is not yet clear if periodontal treatment will have a positive effect on metabolic control. Thus, it is important to be aware of the patient's complete medical history and to expect that a patient may be less likely to respond favorably to periodontal treatment, depending on their systemic status and control of disease. In this case, a different treatment approach and/or more strict recall intervals for supportive therapy may be necessary.
Cardiovascular disease
Recently, inflammation has been extensively studied as a contributing factor for CVD. High levels of C-reactive protein (CRP), a marker for systemic inflammation, can predict future acute myocardial infarction, unstable angina pectoris, 64, 65 and the onset of systemic arterial hypertension, diabetes mellitus, and stroke. [66] [67] [68] Other inflammatory markers, such as cytokines, including IL-6, IL-8, IL-10, IL-18, TNF-α, and monocyte chemoattractant protein-1 are frequently abnormal in patients with acute coronary syndromes. 69, 70 A meta-analysis linking CVD and chronic periodontitis concluded that chronic periodontitis is a risk factor or marker, which is independent of traditional CVD risk factors, with relative risk estimates ranging from 1.24 to 1.35. 71 Two possible mechanisms behind that association have been suggested, ie, chronic periodontitis increases inflammatory mediators levels that may contribute to CVD, and treatment of periodontitis reduces systemic levels of these mediators, [72] [73] [74] and certain bacteria species found in periodontal pockets have also been found in atheromatous plaques. 75 Large, multicenter, clinical studies will be needed to verify this association and to determine the effect periodontal treatment would possibly have on CVD and CVD-associated events.
Based on present knowledge, it does not appear that the treatment protocol for periodontal patients with a history of CVD needs to be modified, because conventional periodontal therapy is effective in these patients. 76 However, clinicians should be aware of possible associations between periodontal inflammation and the patient's overall health to be able to advise them properly on the potential risks of lack of treatment and the importance of supportive therapy. 
Relationship between psychosocial factors and chronic periodontitis
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Treating chronic periodontitis factors and periodontal disease. 77 For instance, individuals with high stress levels tend to adopt habits that are harmful to periodontal health, such as negligent oral hygiene, intensification of nicotine consumption, or changes in eating habits with negative effects on the immune system. 78 Studies have also elucidated certain biological mechanisms that explain how stress may compromise the host-immune response. These mechanisms could impact disease progression and treatment response. 77 Among the psychosocial factors, stress, anxiety and depression, the latter has the most significant impact on pain perception, the use of pain medication, and wound healing. 79 It has been reported that subjects with generalized aggressive periodontitis have significantly higher self-reported depression and loneliness than subjects with routine chronic periodontitis and healthy controls. 80 Similarly, CAL was associated with increased strain related to job, finances, familial role, depression, and emotion-focused coping. 81 Oral health care neglect during periods of stress and depression has been associated with CAL and missing teeth. 82 Thus, aggressive periodontitis, attachment loss, and poor immune responses 82 appear to be directly influenced by, or potentially linked to, certain psychosocial factors.
Influence of psychosocial factors on treatment outcome
Accounting for the patient's psychosocial condition is essential for the patients' successful treatment response. In a retrospective cohort study, patients with depression had a negative periodontal treatment outcome over one year compared with patients without depression. 83 This could be explained by the fact that depressed patients also display delayed wound healing compared with nondepressed patients. 84 Positive coping mechanisms and enhanced perceptions of positive outcomes have been demonstrated to have a positive effect on wound healing. 85 Despite findings that depression has a negative impact in wound healing and promotes the acquisition of harmful behaviors, it is probably the least appreciated relevant psychological factor by practicing periodontists. 79 Studies have shown that more providers indicated that they gave different instructions to anxious patients (55.6%) than to stressed patients (41.5%) or depressed patients (26.3%). 79 This could be explained by the fact that the provider's confidence in their ability to identify depressed patients is lower than their ability to identify anxious or stressed patients (means 3.45, 4.31, and 4.29, respectively). 79 Dentists should be aware of the negative impact psychosocial factors may have on periodontal health, as well as the patient's treatment outcome, in order to delineate proper treatment plans. In depressed patients, the treatment response may not be as favorable as normally expected. Healing could be delayed, and depending on severity of the case, the treatment plan may require re-evaluation.
Smoking and periodontal disease
According to the Centers for Disease Control and Prevention, 20.8% of the US population smoked in 2008, with slightly higher rates in males than females (23.5% versus 18.3%). Smoking is considered the most important risk factor for chronic periodontitis. Smoking plays a crucial role in its prevalence, incidence, severity, progression, and the treatment response. [86] [87] [88] [89] [90] [91] In fact, smoking is such a strong factor for chronic periodontitis that even passive smokers are at higher risk for developing chronic periodontitis. 92, 93 Smokers have six to seven times more alveolar bone loss than nonsmokers. 87, 91, 94, 95 Patients with chronic periodontitis are also three to five times more likely to smoke than those without attachment loss. 95 Periodontal treatment in smokers is challenging. Smokers will respond less favorably to both nonsurgical and surgical periodontal treatment than nonsmokers. 86, 88, 89, 96 Reports show that heavy or light smokers have less pocket depth reduction and less attachment gain, relative to nonsmokers and past-smokers, following active treatment and throughout supportive periodontal phase. A study that followed patients over seven years of maintenance therapy reported that smokers experienced greater attachment loss relative to nonsmokers. 88 Because smoking has such a deleterious effect on periodontal treatment response, some studies have aimed to seek alternative treatment approaches for these patients. These studies have found smokers respond less favorably to periodontal therapy than nonsmokers, regardless of therapy received. However, use of systemic 97, 98 and local [99] [100] [101] antibiotics as adjuncts to SRP may provide an additional benefit in the treatment response of smokers.
Among current US adult smokers, 70% report a desire to quit completely, and millions have attempted to quit smoking. 102 In 2007, an estimated 47 million adults (aged 18 years and older) were former smokers and 40% of adult smokers (13 million people) stopped smoking for at least one day in the year of 2008 while trying to quit. Interestingly, past-smokers respond similarly to periodontal therapy and maintenance relative to never-smokers. [86] [87] [88] 95 In addition, implant survival rates are higher in past-smokers than current smokers. 103 As a professional health provider, it has become increasingly important for the dentist to provide patients with proper counseling on the relationship between smoking and chronic periodontitis, and to encourage smoking cessation whenever the patient reports a willingness to quit. Unfortunately only 24% of dentists recommend their patients to stop smoking. 104 See http://www.cdc.gov/tobacco for some guidelines about effective methods of smoking cessation.
Controlling local contributing factors
Severity of disease, furcation involvement, patient plaque control, plaque retentive factors (defective restorations, caries), and occlusal trauma are among the local factors that can limit successful periodontal treatment.
Deeper pockets and intrabony defects represent difficult areas for subgingival instrumentation. The deeper the pocket, the fewer subgingival deposits are removed. 11 Also, molar teeth with furcation involvement tend to present a poorer response to periodontal treatment than those without. 105, 106 Difficult access and operator skills could contribute to incomplete removal of subgingival bacterial deposits and impair the healing response.
11,107-110 Surgical intervention may improve the removal of subgingival deposits in areas of difficult access. 109, 110 Therefore, dentists need to diagnose areas of difficult access carefully so that patients are aware of possible future surgical intervention.
Plaque control is essential for good periodontal treatment response. Patients who receive plaque control instructions and reinforcement have a better response and stability of clinical results, as well as low levels of subgingival bacteria relative to patients not placed on a plaque control regimen. 111 In the absence of plaque control, microbial repopulation of treated areas as well as a return to pretreatment pocket depths will occur within a few weeks after periodon tal instrumentation. [111] [112] [113] Improper restorations can result in two major problems for periodontal healing, ie, plaque accumulation and biological width invasion. Defective margins act as a niche for biofilm accumulation, which impairs proper healing response. In addition, crown or restoration margins, when placed in proximal tooth surfaces, may impinge on the periodontal biological width. Biological width consists of a space of about 2 mm from the cemento-enamel junction to the bone crest that includes the junctional epithelium and connective tissue attachment. 114, 115 However, one must realize that significant variations in biological width dimensions have been observed, particularly the epithelial attachment, which may vary from 1.0 to 9.0 mm. 114 Placing a restorative material in the biological space will most likely result in an inflammatory process and future attachment and bone loss to the area. [116] [117] [118] Gunay et al noted greater bleeding index and PD when restorations were placed ,1 mm from the bone crest. 119 Dentists need to be aware of biological width invasion when treatment planing a patient for periodontal treatment. Areas of biological width that have been violated will most likely not respond to periodontal treatment due to persistent plaque accumulation and inflammation.
Trauma from occlusion
Trauma from occlusion is defined as an "injury to the periodontium resulting from occlusal forces which exceeds the reparative capacity of the attachment apparatus", ie, the tissue injury occurs because the periodontium is unable to cope with the increased stresses it experiences. 120 Occlusal trauma can occur in conjunction with or independent of inflammatory diseases. The ability of the attachment apparatus to withstand a less than ideal occlusion may be compromised by periodontal inflammation. Thus, trauma from occlusion may accelerate attachment loss in a patient with active chronic periodontitis. 120 Clinical diagnosis of occlusal trauma should be part of the chronic periodontitis treatment plan. The signs of occlusal trauma include: tooth mobility (increasing displacement may be of greater concern since a stable pattern of mobility may indicate adaptation); tooth migration; tooth pain or discomfort on chewing or percussion; radiographic changes; tenderness of mastication muscles or other signs or symptoms of temporomandibular dysfunction; presence of wear facets beyond expected levels for the patient's age and diet consistency; chipped enamel or crown/root fractures; and fremitus. 121 Radiographic changes include widening of the periodontal ligament space, disruption of the lamina dura, radiolucencies in the furcation or at the apex of a tooth that is vital, or root resorption. As with mobility, stable radiographic findings may indicate adaptation. It is important to note that when found in conjunction with chronic periodontitis, occlusal trauma can usually be diagnosed in areas of vertical or U-shaped bone defects ( Figure 1 ). As seen in Figure 2 , trauma does not always come from occlusion interferences.
If trauma from occlusion is detected concomitantly with a diagnosis of chronic periodontitis, the treatment plan should include occlusal adjustment to reduce the trauma.
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Treating chronic periodontitis addressed when possible, following or in conjunction with, procedures to resolve inflammatory lesions.
Given the possible negative effects of trauma from occlusion in the periodontium, periodontal treatment planing should include a thorough analysis of occlusion to detect possible occlusal interferences and trauma. Furthermore, occlusal adjustment should be performed as part of periodontal treatment, when indicated, in order to maximize treatment outcomes.
Use of antibiotics
Although a considerable body of evidence indicates that adjunctive use of antibiotics provide some additional benefit in chronic periodontitis treatment, 125 a number of reasons exist to preclude their indiscriminate use. As discussed earlier, most chronic periodontitis patients respond well to mechanical therapy, and adjunctive antimicrobial therapy adds little, if any, benefit for these patients. Additionally, the concern about antibiotic resistance exists. This is not a new problem and has been recognized for years. Walker documented a two-fold increase, over a 10-year period, in the proportion of the cultivable subgingival flora in patients resistant to penicillins and tetracyclines. 126 It is very likely that the proportion of subgingival flora resistant to systemic achievable antibiotic levels is even higher today. Current thinking is that if there is not a clear need to use an antibiotic, then it should not be used.
However, this does not help the clinician who is faced with a patient who does not respond favorably to mechanical therapy. As previously discussed, 20%-30% of chronic periodontitis patients may not respond to mechanical therapy alone. This may be due to a variety of factors, as discussed previously. For such patients, an adjunctive antibiotic combined with SRP is often advantageous. The question arises of which antibiotic to use. New techniques, such as 16S RNA sequencing, have revealed that the human oral cavity contains over 700 different bacterial species, many of which are presently uncultivable. 127 Within a given individual, there may be as many as 100 different species. This is further complicated by the fact that subgingival plaque exists as a biofilm. These biofilms are significantly more resistant, up to and greater than 500 times, to antibiotics than are the same bacteria grown planktonically. 128 This means that our current concepts regarding antibiotic susceptibilities and resistances based on in vitro testing of pure cultures in broth or agar media are not applicable to biofilms. Bacteria in the biofilm demonstrate a much slower metabolism than planktonic-grown bacteria due to the limited nutrients available. An antibiotic must penetrate Teeth with greater mobility present less favorable changes after periodontal treatment than firmer teeth. 122 Occlusal adjustment has also been shown to reduce tooth mobility. 123 Furthermore, periodontal treatment in conjunction with occlusal adjustment tends to result in a slightly more favorable attachment level gain than treatment without occlusal adjustment. 124 Therefore, occlusal therapy needs to be
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Shaddox and Walker the bacterial cell to exert its antimicrobial effect. This is more difficult in a biofilm, due to the biofilm's thickness and its protective extrapolysaccaharide matrix. Additionally, in order to be effective, antibiotics generally require that bacteria actively metabolize nutrients, synthesize proteins and cell wall components, or replicate their DNA. The slower metabolic rate and barriers associated with penetration of antibiotics into mature biofilms decrease the effectiveness associated with antibiotics. Another factor that works against antibiotics is that certain periodontal pathogens have the ability to penetrate into host cells. Examples of this are Porphyromonas gingivalis, Acinobacillus actinomycetemcomitans, and Fusobacterium nucleatum, among others. The systemic delivery of many antibiotics does not achieve a sufficient concentration within mammalian cells to be inhibitory or to kill bacteria. Once subgingival plaque in periodontal pockets is mechanically removed, these invasive bacteria are capable of recolonizing the pocket and may exacerbate the disease process.
The question most frequently asked by the clinician is what antibiotic to use when the patient experiences recurrent disease or when individual sites do not respond satisfactorily. Unfortunately, a single antibiotic that can be recommended for all patients does not exist. Susceptibility testing of subgingival flora can be beneficial and provide some guidance to the clinician (see Shaddox and Walker for review 129 ). However, very few laboratories offer this service. Furthermore, accuracy of susceptibility testing is directly dependent on the collection of a representative sample and protection of this sample from oxidation, both during collection and shipment to the laboratory, given that most periodontal pathogens are strictly anaerobes. At present, DNA probes for the determination of antibiotic-resistant markers are not available. The susceptibility results are based solely on the ability to cultivate the bacteria that were collected from the site(s) in question. The proportion of the flora that is uncultivated will not be recovered or assessed for its susceptibility to an antibiotic. Thus, the clinician is often required to make a decision on what antibiotic to use among many choices. No large clinical trials have been conducted to ascertain the relative effectiveness of various antibiotics in the adjunctive treatment of chronic periodontitis. At present, the drug of choice, based on empiric usage, as well as small-scale clinical testing, is the combination of amoxicillin (250-500 mg) and metronidazole (250-500 mg) given three times daily for seven to 10 days. [130] [131] [132] [133] The best results are generally obtained when this combination is given as an adjunct to SRP. If the patient is allergic to penicillins, then alternatives, such as doxycycline, minocycline, or metronidazole may be beneficial. 134, 135 The combination of metronidazole and ciprofloxacin has been recommended where either enteric bacteria, pseudomonads, and/or A. actinomycetemcomitans are suspected. 136 It is important to note that for the treatment of aggressive periodontitis, adjunctive use of antimicrobials is recommended, given the consistent additional benefits it provides when compared with SRP alone. 125, 134 The above antibiotics are delivered systemically. Local delivery antibiotics that are placed directly into the individual periodontal pocket that requires additional treatment have an attractive appeal. Several antibiotics have been incorporated into a continuous-release system that delivers high drug concentrations directly in the periodontal pocket. These have included hollow fibers containing tetracycline, 137, 138 and biodegradable-release systems that contain either metronidazole, doxycycline, or minocycline. 139 Of these four, only controlled-release doxycycline and minocycline are currently available in this country. Both of these local delivery systems have demonstrated improvements in clinical parameters and a decrease in biofilm mass relative to placebo controls. Doxycycline, in particular, has been demonstrated to have an effect on several putative periodontal pathogens as well as the total bacterial mass. 135, 140, 141 A controlled-release, local-delivery antibiotic is very desirable for treating individual periodontal sites for several obvious reasons. Firstly, the drug is delivered locally and does not promote resistance in other regions of the body. Secondly, it remains in place for 10-14 days. Thirdly, it delivers a much higher drug concentration than can be achieved systemically. However, local delivery has not been widely accepted by the profession. Reasons for this include the learning curve associated with the use of these systems, the time involved in placement of the drug in the desired sites, the cost of the system, and the clinical significance of the additional results obtained. However, both locally delivered doxycycline and minocycline have shown positive additional benefits in the treatment of smokers when compared with SRP [99] [100] [101] [140] [141] [142] and in the treatment of nonresponding pockets. 99, 143 These drugs are packaged in syringes. Doxycycline syringes contain sufficient drug to treat a number of sites, whereas each minocycline syringe is applied in one pocket. Therefore, due to cost of these drugs and effectiveness of mechanical treatment alone in the majority of sites, local antibiotics could be applicable in a limited number of sites that do not respond to initial treatment.
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Low-dose tetracyclines
Tetracyclines are also known to confer host-modulatory effects, ie, inhibition of collagenase activity in the gingival tissues of patients with chronic periodontitis. 144 Thus, a low nonantimicrobial dose of doxycycline 40 mg daily, has been used as an adjunctive treatment of chronic periodontitis. Studies have shown additional clinical benefits with the use of subantimicrobial dose doxycycline in conjunction with SRP when compared with SRP and placebo. 145 These benefits over SRP alone are especially prominent in deeper sites and in smokers.
In conclusion, for the chronic periodontitis patient who does not uniformly respond favorably to mechanical treatment, the adjunctive use of an antibiotic may be beneficial. Unfortunately, no single antibiotic is considered a "magic bullet" for use in adjunctive treatment of chronic periodontitis. Therefore, clinicians have to make a decision about which drug or delivery system to use on an individual basis, taking into consideration the number of nonresponding sites, contributing factors associated with nonresponse, patient allergies, and disease type.
Laser therapy for chronic periodontitis
Although the first laser prototype was developed in 1960, the use of lasers in dentistry is fairly recent. Lasers have increasingly been studied in the literature and have become a very attractive tool in general dentistry, especially for soft tissue procedures. Despite the large number of published studies, controversy continues among clinicians regarding the use of lasers for chronic periodontitis treatment. Studies do support the fact that lasers, such as Nd:YAG and Er:YAG, achieve a reduction in the number of periodontal pathogens and pocket depth. However, the evidence is currently insufficient to support greater benefits of lasers over traditional SRP or additional benefits when used in conjunction with SRP in the treatment of chronic periodontitis (see Cobb for review 146 ).
Supportive periodontal care
The third and final challenge of chronic periodontitis management is establishing successful periodontal treatment planing to maintain periodontal stability and minimize further attachment loss. The challenge in this phase is maintaining patient compliance and identifying as well as managing factors associated with the disease.
Patient compliance with plaque control and follow-up visits is essential for successful management of periodontitis.
The rate of tooth loss is two times higher for patients treated and nonmaintained compared with treated and well maintained. 147 The more often patients are present for maintenance visits, the less likely they are to lose teeth. 148 Furthermore, patients who are placed on a strict recall maintenance program have less bleeding on probing scores and attachment loss over long-term follow-up. For instance, Axelson and Lindhe 149 have found probing attachment loss $2 mm for 1% of all exam ined sites in a strict recall group (patients placed on a 2-3 month maintenance program) versus 56% of sites in a nonrecall group.
Patients with chronic illnesses tend to comply poorly, especially if the disease is not perceived to be threatening. 148 Studies have also shown that patient compliance with visits is around 30%-40%. 107, 150, 151 Most noncompliant visits happen within the first year of maintenance, which indicates that patients are more likely to remain compliant if they continue supportive treatment for at least the first year. 150 The reasons for noncompliance are highly variable, and may include fear, economics, and lack of compassion from the dental therapist. 148 A few randomized, controlled, clinical studies have evaluated the individual benefit or required frequency of periodontal maintenance ritual for patients who are relatively susceptible to chronic periodontitis. Due to individual variations in susceptibility to periodontal disease progression, and different factors associated with periodontal treatment response, professional maintenance care must be determined on an individual basis. Thus, the more factors associated with disease progression and a negative treatment response the individual presents, the shorter the supportive care recalls should be.
Summary and conclusions
Good plaque control, as well as removal of bacteria, calculus deposits, and granulation tissue by mechanical instrumentation constitutes an effective approach to reduce signs of inflammation in most cases of chronic periodontitis. However, knowing that this disease is multifaceted, dentists need to be aware of other factors, local and systemic, that could contribute to the disease process and healing response. Therefore, diagnosing chronic periodontitis at an early stage and evaluating each possible contributing factor is essential for successful long-term management of periodontal stability.
Future directions
Greater awareness of periodontal disease and diagnostic methods will hopefully motivate dentists to diagnose periodontitis and its contributing factors better at earlier stages. This will hopefully enable improved disease management and prevention of disease progression. Future studies will be able to clarify further the role of factors contributing to periodontitis and how management of these factors can influence the control of disease and vice versa. More randomized controlled clinical trials will be able to answer which treatment approach will best manage periodontitis associated with different contributing factors. More studies will be able to elucidate individual susceptibility to disease and future breakdown and thus, enable clinicians to better plan for successful periodontal treatment and supportive care.
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